T HE FIRST SURGERY of the parathyroid gland was in Vienna, Austria, in 1925. 1 The procedures for investigation and management of parathyroid disease have been carefully developed and incorporated as an integral part of surgical practice. 2, 3 A surgical procedure has been developed over time, which produces a satisfactory outcome in 95% to 98% of patients operated on. [3] [4] [5] To achieve this level of success, experienced parathyroid surgeons are necessary. The diagnosis also needs to be clearly established, and criteria for patient inclusion followed, such as those developed from the National Institutes of Health Consensus Development Conference in 1990. 6 The approach to surgery for primary hyperparathyroidism (PHPT) has been to proceed through a collar incision, to bilaterally explore the neck, to locate abnormal parathyroid tissue, and to remove it. In about 80% of cases, only 1 enlarged gland requires excision, 3 and its removal results in 100% cure. Surgical failure is generally due to ectopic glands, multiglandular disease, supernumerary glands, or lack of surgical experience. 7 The aim to improve and simplify surgical practice is accepted, and the newer methods of less invasive surgery are being explored in many anatomical locations of the body. Preoperative localization of abnormal parathyroid tissue has not been deemed necessary for the conventional surgical approach. 3, 8 The initial approach to unilateral surgery for PHPT by Tibblin and coworkers in 1982 9 was that if a single diseased gland was found on the first side explored then the contralateral side could be left alone. The excised tis-ORIGINAL ARTICLE sue was studied microscopically during surgery with oil red O, and the decision to stop surgery at this stage was based on a reduction in intracytoplasmic fat droplets in the excised parathyroid tissue. Other groups have used imaging before surgery. Ultrasonography has been used successfully by Pyrtek and McClelland, 10 with a sensitivity of correct localization of 80%, a specificity of 95%, and a diagnostic accuracy of 91%. Shen and colleagues 11 used technetium Tc 99m sestamibi scanning before firsttime surgery, achieving correct identification of 71% of patients with a single adenoma. In this study, 11 unilateral exploration based on such imaging was not considered beneficial compared with the traditional bilateral method.
A high degree of experience is required for all imaging procedures, especially if a minimally invasive ap-
MATERIALS AND METHODS

ASERNIP-S REVIEW PROCESS
A surgeon (R.F.P.) familiar with the topic of review (protocol surgeon) and an ASERNIP-S researcher (W.J.B.) worked together to draft the protocol for the review and determined the studies to be included. The review surgeon assessed these publications and produced a narrative review. The ASERNIP-S researcher conducted a methodological assessment of the literature. The protocol, review, and methodological assessment report formed the review documentation, which was considered by the review group. The review group was made up of the review (T.S.R.) and protocol surgeons (R.F.P.); a nominated surgeon from the Section of Endocrine Surgery, Royal Australasian College of Surgeons (RACS) (A.J.E.), Melbourne, Victoria; an invited surgeon (L.W.D.); a surgeon from another specialty (P.G.D.); and an ASERNIP-S researcher (W.J.B.). The review group considered the review documentation, recommendations, and ASERNIP-S classification put forward by the review surgeon. The surgical director (G.J.M.) of ASERNIP-S oversaw this process and chaired the review group. Consensus was reached on the recommendations and classification, which were put forward to the ASERNIP-S management committee for ratification before being considered by the RACS council for endorsement.
SEARCH STRATEGY
Studies on minimally invasive parathyroid surgery by either the endoscopic technique or the unilateral approach were identified by searching MEDLINE between January 1984 and August 1998, Current Contents between week 1 of 1993 and week 34 of 1998, and EMBASE between January 1974 and August 1998. Review articles on the comparative intervention (bilateral open neck exploration for PHPT) were identified by searching the same databases from 1993 onward. These articles were used for a consensus opinion on the safety and efficacy of bilateral open neck exploration, when no comparison with the new intervention was made in some studies. The Cochrane Library was searched for minimally invasive procedures and bilateral open neck exploration, from issue 1 of 1966 to issue 3 of 1998. The search terms used for the minimally invasive technique were as follows: ((endoscop* or (minimal* and invasive) or unilateral) and parathyroid); and for the comparative intervention: (parathyroid* and ((surg* or management) in citation) and review in publication type) and English in language) (since 1993). The truncation symbol ("*") differs in each database and allows retrieval of all possible suffix variations of a root word. The search terms for the Cochrane Library were "parathyroidectomy or parathyroid resection." Only Englishlanguage articles were included for review.
INCLUSION CRITERIA
The types of studies to be included in the review of minimally invasive procedures included randomized controlled trials, controlled clinical trials (historical and nonrandomized), case series, and case reports. Human studies, specifically of patients with PHPT, and animal studies were considered. Those assessing the minimally invasive techniques, specifically endoscopic (either total or videoscopic-assisted) or unilateral techniques with preoperative imaging, were included. Studies for inclusion also required information on at least 1 of the following outcomes: preoperative and postoperative serum calcium and parathyroid hormone levels; postoperative morbidity, including recurrent nerve palsy and postoperative hemorrhage; conversion rate to standard operation; failed exploration; parathyroid capsule breach; recurrent hyperparathyroidism; incision length or scar; use of analgesics; length of hospital stay; or costs and postoperative mortality. Particular emphasis was placed on outcomes relating to safety and efficacy aspects of the procedures.
DATA EXTRACTION
Articles were assessed by the protocol surgeon and the ASERNIP-S researcher for their suitability for review based on the inclusion criteria specified in the protocol. Studies that clearly did not meet the inclusion criteria were marked for deletion by the ASERNIP-S researcher. All studies were assessed by the protocol surgeon, and a consensus was reached on articles for inclusion.
DATA ANALYSIS
Data were analyzed from each of the comparative studies by calculating odds ratios (ORs). A meta-analysis was not performed as the studies varied widely in outcome measures and study design, and the quality of studies was poor. Table 1 contains the guidelines used for assessing the level of evidence of the studies. A summary of comparative studies appears in Table 2 . A graphical representation of ORs with 95% confidence intervals from studies reporting adverse outcomes appears in the Figure. The OR was calculated using Review Manager, version 3.1, software 31 and is a ratio of the odds for an outcome with the new intervention (unilateral exploration) divided by the odds for the same outcome with bilateral open neck exploration. For rare outcomes, such as seen in these studies, the OR and relative risks are considered equivalent for practical purposes. Because of the small number of comparative studies and the fact that most did not report similar outcomes, the data were not combined. All studies reporting on the endoscopic procedure were not comparative and thus outcomes could not be analyzed.
proach is planned. High-resolution ultrasonography has been widely used and has yielded satisfactory localization of parathyroid adenomas. 12 To achieve adequate results, however, ultrasonography requires a high level of operator skill. Thallium-technetium subtraction scintigraphy was introduced with the aim of improving the accuracy of localization, reducing surgical time, improving cosmesis, and being more cost-effective. Accuracy was dependent on the size of the adenoma 13 ; however, as with ultrasonographic scanning, if a lesion was clearly identified and lateralized, then unilateral exploration was supported. 14 Chapuis and coworkers, 15 in looking for more accurate localization, assessed intraoperative monitoring of the parathyroid hormone to demonstrate persistence of PHPT. This, along with a combination of imaging expertise and strict patient enrollment criteria, provided an acceptable setting for the unilateral approach. Technetium Tc 99m sestamibi scanning is a newer and more accurate method of preoperative localization. For single gland pathological features, the technetium Tc 99m sestamibi scan results in a high level of accuracy, reported by several groups to be at least 96%. 16, 17 Norman and Chheda 18 have advanced further with this technology and incorporated intraoperative scanning with a handheld gamma counter (Neoprobe), 2 to 3 hours after administration of the isotope. This time delay allows for a reduction in the levels of background irradiation.
Few studies have been reported using the endoscopic approach to minimally invasive surgery for PHPT. The first case was reported by Gagner 19 in 1996 for a patient in whom 3.5 abnormal glands were removed. Yeung 20 describes experience with this procedure in 4 patients. The largest series of cases was reported by Miccoli and colleagues, 21 in which ultrasonography was used to locate a single adenoma. The quick parathyroid hormone (QPTH) assay was carried out to determine successful removal of the diseased gland. Along with careful patient selection, accurate localization, and a short period of carbon dioxide insufflation, this procedure appears highly successful in their hands.
This review is a précis of information produced during the process of assessment of minimally invasive parathyroid surgery for the Australian Safety and Efficacy Register of New Interventional Procedures-Surgical (ASERNIP-S). This review compares the outcomes of minimally invasive techniques with those of bilateral open neck exploration. The aims of ASERNIP-S reviews are to assess the safety and efficacy information on a new surgical procedure and to determine whether it is appropriate for widespread use or requires further evaluation in the form of an audit or a controlled clinical trial.
RESULTS
SAFETY
Forty-one studies were deemed to meet the inclusion criteria for the new intervention of minimally invasive parathyroidectomy in patients with PHPT. Of these, 8 were controlled studies (level III evidence) of the unilateral procedure with preoperative imaging, and 1 was a metaanalysis (level I evidence) assessing cost-effectiveness. One study was excluded because of perceived bias, as a single operator was used for all radiological assessments. 24 A summary of comparative studies appears in Table 2 , and Odds ratio and 95% confidence intervals for outcomes of comparative studies on unilateral vs bilateral neck exploration for primary hyperparathyroidism. 
An OR of more than 1 indicates superiority of the bilateral technique, while an OR of less than 1 suggests superiority of the unilateral technique (Figure) . For most outcomes, it appeared that there was less risk using the unilateral technique for the outcomes measured. Most, however, have large confidence intervals and cover an OR of 1; therefore, it cannot be stated with certainty that the outcomes are not a product of chance. Results of the comparison between unilateral and bilateral techniques may be due to selection bias, ie, the patients undergoing unilateral surgery have been selected by stricter inclusion criteria, and thus the 2 patient populations may differ.
For the endoscopic procedure, no controlled studies were found, so case reports and case series were used (level IV evidence). There were 3 case reports 19, 32, 33 that appeared to describe the same patient. Another group reported 3 studies, 1 article on technique development and 2 publications that appeared to relate to the same patients. 20, 34, 35 Two other groups described technique development, one 36 in dogs and cadavers and the other 37 in dogs and patients. There were 2 reports 21,38 of videoscopic-assisted surgical success in 6 and 39 patients, with a single adenoma. In these studies, no mortality was reported. Adverse outcomes were generally transient and often related to high insufflation pressures and lengthy operative times. 19, 32, 33 Reported complications include subcutaneous emphysema and hypercapnia, 19, 32, 33 temporary laryngeal nerve paresis, 39 and tachycardia.
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EFFICACY
Operative times were shorter for the unilateral procedure when compared with bilateral open neck exploration. 13, [25] [26] [27] [28] In 1 study, 27 operative success was 100% for the unilateral and bilateral techniques, while others 13, 28, 29 have found higher success rates in unilateral compared with bilateral surgery; van Vroonhoven and van Dalen 30 found the reverse to be true. Hospital stay was shorter for the unilateral procedure than for bilateral open neck exploration. 29 The endoscopic technique was reported as being feasible but technically difficult. The totally endoscopic technique 19, 32, 33 required long operating times, while the videoscopic-assisted technique 21, 38 was considerably shorter.
A summary of the perceived benefits and harms of the minimally invasive procedures compared with bilateral open neck exploration is given in Table 3 .
Both procedures have strict inclusion and exclusion criteria that must be adhered to if a high success rate is to be achieved. Imaging before surgery by minimally invasive techniques is essential. These procedures are considered most applicable for removal of solitary adenomas. A surgeon experienced in endocrine surgery is also essential.
COMMENT
Assessment of morbidities associated with the techniques of unilateral and bilateral exploration for minimally invasive parathyroidectomy has shown no clear benefits by either technique.
In general, the quality of studies in the area of minimally invasive parathyroid surgery has been poor. It is understood that difficulties associated with performing randomized, controlled trials may preclude their use for this procedure. It is important, however, for unilateral neck exploration and endoscopic parathyroid surgery, that an appropriate assessment by well-designed studies is made before the widespread introduction of the technique in Australia. Following are recommendations made by the review surgeon regarding safety and efficacy and suggested future directions for the technique of minimally invasive parathyroidectomy.
SAFETY OF THE MINIMALLY INVASIVE TECHNIQUE
No evidence of mortality was found in any report in relation to bilateral or unilateral neck exploration or to any of the described "minimally invasive" procedures.
In the articles reviewed, only minimal morbidity was reported. Transient recurrent laryngeal nerve palsy was reported when removing an adenoma that had been located by ultrasonography 30 and with a videoscopicassisted approach in 2 of 24 cases. 39 In the latter study, 4 cases required conversion of the procedure to a conventional approach. The reasons for conversion were as follows: 1 case of inability to visualize the adenoma, 1 case of bleeding, and 2 cases of incorrect localization by the technetium Tc 99m sestamibi scan.
The removal of a parathyroid adenoma through a small incision or through an endoscopic port or cannula provides a situation of risk for rupture of the adenoma. Cell spillage, leading to parathyromatosis, could result. Great care should be exercised in removing parathyroid lesions through limited exits, even in a specimen bag.
A more immediately serious problem was reported with endoscopic parathyroidectomy, in association with carbon dioxide insufflation, 19, 32, 33 where extensive subcutaneous emphysema of the "eyelids to the scrotum and anteriorly on the thorax and abdomen" 19(p875) occurred. Hypercapnia and tachycardia persisted throughout the procedure, which reportedly took between 5 and 7 hours. The problem resolved in 3 days. The insufflation pressure was recorded as 15, 19 20, 32 and 15 mm Hg, 33 yet all appeared to be the same patient.
Miccoli and associates 21, 38 have used carbon dioxide insufflation under the strap muscles for 3 to 4 minutes at 12 mm Hg without complication. There has been no recorded instance of carbon dioxide embolism in any of the published case reports or case series. Adherence to the approach used by Miccoli and coworkers could ensure a low risk for this possible complication. It would appear from their reports that the method they have used is safe. This method should be considered by all those intending to undertake this type of surgery who plan to use carbon dioxide insufflation.
As seen from articles published in this review, the newer technical approaches require a sound knowledge of parathyroid pathological features and anatomy and the vagaries of both. This knowledge is built on sound surgical training and ongoing experience 40 or surgery by trainees under the close supervision of experienced surgeons. 41 Surgeons undertaking parathyroid surgery would be expected to have such a background if successful outcomes and not moderately morbid procedures are to be expected.
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EFFICACY OF MINIMALLY INVASIVE PARATHYROIDECTOMY
The classic surgical approach to PHPT has provided satisfactory results that have resulted from meticulous attention to diagnosis and operative care. In Australia, the surgery has been performed by surgeons well trained and experienced in this field.
To focus attention on the surgery only overlooks the importance of clearly establishing the diagnosis before operation. Surgeons caring for patients with PHPT should be expected to have a good understanding of the disease and its pathological and anatomical vagaries. A decision should be made before surgery as to what approach should be taken and clearly discussed with the patient.
The original approach offers 95% to 98% success at the initial operation, a cost-effective procedure without the need for routine localization studies, a hospital stay of 1 to 2 days, a major complication rate of less than 1%, and a cosmetically acceptable "collar" scar (Section of Endocrine Surgery, RACS, unpublished data, 1998).
The desire to cause less pain, provide a smaller scar, and leave one side of the neck pristine after surgery has been worked at by devoted endocrine surgeons for nearly 20 years, beginning with Tibblin and coworkers 9 in 1982. Two groups of approaches for minimally invasive surgery have evolved from this. It is necessary to see if these procedures measure up to the efficacy of the conventional approach. One group aims to define the cause of PHPT and, if clearly definable, approach it by a lesser surgical approach. Once the single site of the disease is identified, a limited incision can be used for removal of the affected gland or a nuclear probe can intraoperatively guide the surgery. 18 Another group isolates unitary pathological features by ultrasonography and approaches them endoscopically. Measurement of QPTH intraoperatively monitors removal of the diseased gland. 21 Both groups report satisfactory results.
Some groups use an endoscopic approach only, 19, 34 and the addition of a QPTH assay has occurred in one such major group. Another technique is to localize the unilateral pathological features, approach through a mini incision, and use a lateral probe to provide "superior visualization" through video assistance. 42 The extra visual information may have significant value during dissection, especially in relation to the recurrent laryngeal nerve, although bleeding can still cause difficulty.
RECOMMENDATIONS
From this review, it has been observed that the most effective role of minimally invasive surgery is for the management of unilateral parathyroid pathological features. This would in effect mean that when all matters concerning the clinical presentation are considered, about 65% of patients with PHPT, at most, would be suitable for consideration of a minimalist approach, but other criteria would need to be taken into account.
To achieve results that parallel those of conventional neck exploration requires careful selection. Selection criteria have been advanced from the serendipitous in relation to the early unilateral approach, 5 to criteria aimed at producing 100% outcomes from highly focused approaches. 21 To not take notice of the following criteria may increase the risk of failure when performing minimally invasive parathyroid surgery.
Criteria to be taken into account when planning minimally invasive surgery for PHPT include the following. 15, 30 1. It is an assumption, and a recommendation, that patients will have had an appropriate and informative discussion with the surgeon. It is also assumed that they will be made aware that they may be progressed from whichever minimal approach is planned to open surgery, if required.
2. Identification of a presumed solitary adenoma, being unequivocal at a single site. The means of identification is by technetium Tc 99m sestamibi and/or ultrasonographic scanning.
3. Exclude all patients with apparent multiple gland disease. 4 . Exclude, as far as possible, all likelihood of hyperplasia of the parathyroids or multiple gland disease of any kind: nephric disease, family history of parathyroid disease, or suspected multiple endocrine neoplasia syndrome.
5. Exclude all patients with goiter, previous neck surgery or irradiation of the neck, lithium-associated PHPT, or abnormal neck structure (skeletal or soft tissue). 6. One group excludes patients with significant heart disease because of the use of carbon dioxide in some endoscopic techniques (Arthur Aufses, MD, FACS, e-mail, November 1998); however, this could be the type of patient benefiting from a minimal approach. It would probably be better to exclude carbon dioxide and use a lifting device in this situation.
7. A surgeon experienced in the conventional technique, who can readily progress to it during a minimalist operation if necessary, should be present at surgery.
8. The use of a QPTH assay is promoted by some as being a useful adjunct in improving specificity and will probably become more widely used in assessing successful removal of the prime pathological features.
Observation of the criteria given would lead to a significant number of patients being candidates for one of the approaches being put forward at this time, probably 15% to 25% of all patients referred for parathyroid surgery. No doubt patient demand will cause this to increase over time.
As the techniques are as yet unproved, it is suggested that the techniques be espoused in trial mode across Australia.
REPORTING AND EVALUATION
To obtain a wide review of the methods in a reasonable time, individual units could adopt different techniques. Randomization would be the ideal, but it may take more patients than are available to complete a study in reasonable time. 43 The data to be collected should include the following: (1) total number of patients referred for parathyroidectomy; (2) number of patients meeting the criteria for minimally invasive parathyroidectomy; (3) total number of patients undergoing minimally invasive surgery; (4) newer exclusionary criteria developed based on ongoing experience; (5) operative complications to be recorded and reported, bleeding or hematoma, infection, recurrent laryngeal nerve injury (transient and permanent), temporary or permanent hypocalcemia (a highly unlikely complication), persistent or recurrent hyperparathyroidism, or death; (6) the wound and its length; (7) the cosmetic result; (8) type of anesthesia used during surgery; (9) level of pain described by the patient; (10) length of hospital stay; (11) surgeon's views about the procedure, its safety, and its efficacy; and (12) patient satisfaction.
The careful (graded) collection and comparison of these data against known Australian data for the conventional procedure should assist in determining the rightful role of these newer approaches, providing a minimal data set of information.
The reviewer further suggests that one group use technetium Tc 99m sestamibi mapping and another QPTH estimation in their protocols. Both techniques are coming into wider use in the United States and Europe, and pilot studies would allow Australian surgeons to have local information rather than be "flat footed" at the next level of assessment.
Until such nationwide review and evaluation is completed, the procedure should be put on hold as far as its performance in the community is concerned. The RACS has endorsed ASERNIP-S's recommendation that minimally invasive techniques for PHPT are classified as a level 2.2 procedure, ie, the safety and/or efficacy of the procedure cannot be determined due to an incomplete and/or poor evidence-base. A controlled clinical trial is required (to assess safety and efficacy). The Section of Endocrine Surgery, RACS, has added the caveat that the procedures can only be undertaken in the setting of a controlled study under their supervision. In addition, there are numerous types of minimally invasive parathyroidectomy procedures, and as yet no firmly established method has been accepted as the standard technique. Ongoing monitoring and further studies need to be performed and reported to ensure that minimally invasive parathyroidectomy reaches the high degree of satisfaction noted with bilateral open neck exploration for hyperparathyroidism. 
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